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INTRODUCTION 


This bulletin gives the results of tests of all samples of ledge rock 
made by the Bureau of Public Roads to January 1, 1928, classified 
alphabetically according to location.’ In this revision of the earlier 
bulletins, each entry has been checked back to the original records, 
and a number of tests on manufactured road- building materials 
have been omitted. The results of tests of approximately 6,000 
samples are now available in this bulletin, and these tests represent 
Bees -building material from practically “all parts of the United 

tates. 

PHYSICAL PROPERTIES OF ROAD-BUILDING ROCK 


The value of a rock for road building depends largely upon the 
extent to which it will resist the destructive influences of traffic 
and the weather. The most important physical properties are hard- 
ness, toughness, and soundness. Hardness is the resistance which 
the rock offers to the displacement of its surface particles by abrasion, 
toughness is the resistance which it offers to fracture under impact, 
and soundness is the resistance offered to the effects of weathering. 
The hardness of a rock is determined by both the Dorry hardness 
test and the Deval abrasion test. The abrasion test is also a measure 
of the toughness of rock and supplements in this respect the impact 
test for toughness. Soundness is a characteristic of rock which has 
not been directly measurable by ordinary laboratory methods.” It 


1 This publication supersedes Department Bulletins: 370, The Results of Physical Tests of Road-Building 
Rock; 670, The Results of Physical Tests of Road- Building Rock in 1916 and 1917; and 1132, The Results 
& Physical Tests of Road-Building Rock from 1916 to 1921, inclusive, and supplements the data in those 

ulletins 

2 The sodium sulphate soundness test has been proposed as a measure of the soundness of rock. It con- 
sists essentially of alternately immersing the test sample in a saturated solution of sodium sulphate for 
20 hours and drying the sample at 100° C. for 4 hours. Five cycles usually constitute a test. The sound- 
ness of the rock is determined by the appearance of the sample after the test. Recent investigations have 
disclosed many difficulties with this test which may prevent definite conclusions being drawn from the 
test results. Although considerable work is now being done to overcome the objectionable features of the 
test, no satisfactory test procedure has been formulated to date, 
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is probably related to the absorptive properties of the material, 
and may thus be approximately determined by consideration of 
the results of the absorption test. Brief descriptions of these tests 
follow.’ 3 

DORRY HARDNESS TEST 


Hardness is determined by drilling a cylindrical rock core 25 
millimeters in diameter, from the specimen under examination and 
subjecting it to the abrasive action of quartz sand fed upon a revolvy- 
ing steel disk. The end of the specimen is worn away in inverse 
ratio to its hardness, and the amount of loss is expressed in the form 
of a coefficient as follows: 

W 


Coefficient of hardness = 20 — = 


where W is the loss in weight after 1,000 revolutions of the disk.* 


TOUGHNESS TEST 


Toughness is determined by subjecting a cylindrical test specimen 
25 millimeters high and 25 millimeters in diameter to the impact 
produced by the fall of a 2-kilogram hammer upon a steel plunger 
whose lower end is spherical and rests on the test specimen. The 
energy of the blow is increased by increasing the height of fall of 
the hammer 1 centimeter after each blow. The height of fall in 
centimeters at failure of the specimen is called the toughness. 


DEVAL ABRASION TEST 


This test is a measure of the combined action of abrasion and 
impact and is considered the most important test for road-building 
rock. The test sample consists of approximately 50 pieces as nearly 
cubical as possible, weighing 5,000 grams, and broken by hand in the 
laboratory from a large piece of rock. The sample is tested in a 
large cylinder which is mounted at an angle of 30° with the axis of 
rotation of the testing machine. The rock fragments forming the 
charge are thus thrown from end to end of the cylinder twice during 
each revolution and strike and rub against each other and the sides 
of the cylinder. After 10,000 revolutions the charge is screened over 
a No. 12 sieve and the amount passing is expressed as a percentage 
of the initial weight and is called the per cent of wear. The French 
coefficient of wear is calculated as follows: 

40 


French coefficient of wear ==—————_—_~+___ 
Per cent of wear 


SPECIFIC GRAVITY, WEIGHT PER CUBIC FOOT, AND ABSORPTION 


The weight per cubic foot is calculated from the specific gravity 
obtained on a sample of 10 pieces weighing 1,000 grams by the usual 
displacement method. The gain in weight of the sample after 24 
hours’ immersion in water is used to calculate the absorption. 


3 More specific descriptions of these tests may be found in Department Bulletin 347, Methods for the 
Determination of the Physical Properties of Road-Building Rock, and\Department Bulletin 1216, Revised, 
Tentative Standard Methods of Sampling and Testing Highway Materials. 

4 On account of the lack of steel-tired traffic, this test is now considered to be of little importance. It has 
largely been replaced by the Deval abrasion test, the results of which are influenced by the hardness of the 
material under test. The hardness test is still made, however, because the information obtained from the 
three tests, hardness, toughness, and abrasion, furnishes a more complete knowledge of the material than 
would be obtained if this test were omitted, j ; 


RESULTS OF TESTS OF ROAD-BUILDING ROCK a 
CRUSHING STRENGTH OR COMPRESSION TEST 


This test is made on a cylindrical specimen 2 inches high and 2 
inches in diameter. Both ends of the specimen are sawed at right 
angles to the axis of the cylinder and carefuliy ground to plane sur- 
faces. The cylinder is then tested in compression in a suitable uni- 
versal testing machine at a speed of 0.1 inch or less per minute. A 
small spherical bearing block is placed between the moving head of 
the machine and the specimen. At least two determinations are 
made and the average is reported as the unit crushing strength, cal- 
culated in pounds per square inch. ‘This test is made only when 
specifically requested and is considered not necessary in the usual 
examination of rock. 

TYPES OF ROCK 


The rocks commonly used in road building include the types 
shown in Table 1. 


TaBLE 1.—General classification of rock 


Class Type Family 


f Granite. 
In trusiner(platomic) 222 a See ee a |eabrs 


Peridotite. 
| Rhyolite. 


Wen eCOuSs= See sees eee Oe 


Trachyte. 

Andesite. 

Basalt and diabase. 
alte 
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Se GUImMen taney sense ee ena Shale. 
Sli CCOUSE-t este Pee TSW De Sa Pee eee eS Sandstone. 
Chert (flint). 
Gneiss. 
OMAtC GS aS ese ke Ee ee aE Lge See Schist. 
Amphibolite. 
Metamorphic_____.__--_-__-__ Slate. 
Quartzite. 
Eclogite. 
Marble. 


IGNEOUS ROCK 


Igneous rocks include all varieties of rock which have solidified 
from a state of liquid fusion. The structure or manner of mineral 
ageregation is influenced largely by the rate of cooling of the fused 
rock magma. The intrusive or plutonic rocks such as granite, diorite, 
and gabbro, having cooled slowly at great depths below the earth’s 
surface, usually possess large and well- developed mineral compo- 
nents, whereas the extrusive or volcanic varieties, rhyolite, basalt 
diabase, etc., cooling more rapidly on the earth’s surface, are finer 
erained and ‘frequently show so-called porphyritic structures owing 
to the development of larger crystals in a dense, fine-grained ground 
mass. In general, the fine-grained volcanic rock are harder and 
tougher than the coarser grained plutonic rock, especially granite. 

The term ‘‘trap”’ is frequently used to designate a dark-colored, 
heavy rock of igneous origin. ‘The families of rock included in this 
description are diorite and gabbro of the intrusive type, and ande- 
site, basalt, diabase, and rhyolite of the extrusive type. The essen- 
tial physical characteristic usually associated with trap rock is high 
toughness, but, as mentioned above, considerable variation in tough- 
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ness may be expected in this group of rocks. Trap rock is also 
highly resistant to abrasion, as determined in the Deval abrasion 
test. The variations in toughness found between different families 
of trap rock do not in general appear in the abrasion test 


SEDIMENTARY ROCK 


Sedimentary rocks are made up of mineral or shell fragments which 
have been transported mainly by water and deposited in sea or lake 
depressions in more or less parallel layers and subsequently cemented 
together through pressure and the formation of secondary mineral 
compounds. Rocks of this class are usually distinctly bedded or 
stratified and may vary widely in physical properties. 

Sedimentary rocks are divided into two types, calcareous and sili- 
ceous. The calcareous type includes limestone and dolomite, or 
maenesium limestone, which are the rocks most widely used for road 
building. Sandstone is the most important rock included in the 
siliceous type. All of these rocks may be expected to vary widely 
in physical characteristics, but it is probable that the greatest range 
in hardness and toughness will be found in sandstone. Average 
values as determined by the tests described in this bulletin show 
limestone, dolomite, and sandstone to be appreciably softer and less 
tough than the igneous rocks. Considering all samples tested, 
sandstone is found to be of equal toughness but less resistant to 
abrasion than limestone and dolomite. 


METAMORPHIC ROCK 


Metamorphic rocks are classified in two types, the foliated or 
schistose, which have a parallel arrangement of their mineral con- 
stituents, and the nonfoliated or massive. These structures have 
been produced by long-continued shearmg and compressive forces 
acting on either igneous or sedimentary rocks, thereby changing the 
composition and structure of the original rock masses in varying 
degrees. 

Marble and quartzite are the most important families in the non- 
foliated type and correspond to limestone and sandstone, respec- 
tively. Marble is generally less hard and tough than limestone. 
Conversely, quartzite is characterized by relatively high toughness, 
extreme hardness, and resistance to abrasion. It agrees in these 
respects with the best types of trap rock. In the foliated type, 
gneiss and schist, metamorphosed from granite, are the important 
families. Both of these, in general, correspond in physical properties 
with granite but are characterized by their tendency to crush into 
long, thin fragments which may render them unsuitable for many 
road-building purposes. In the test for toughness considerable 
variation in results may be found between cores ‘rilled perpendicular 
to the planes of stratification and those drilled parallel to such planes, 
the former giving the higher results. 


AVERAGE TEST RESULTS 


Table 2 presents average values for the common rocks used in road 
building and a few of the rarer rocks occasionally used. The values 
given in this table do not include all samples of each type of rock 
tested by the bureau, but a sufficient number are represented to 
furnish values which may be considered as averages for the various 
rocks shown. 
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TABLE 2.—Average physical properties of rock 


= Tas Per cent | Hard- Tough- 
Rock Weight of wear ness ness 
Lbs. per 
cu. ft. 
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INTERPRETATION OF RESULTS OF PHYSICAL TESTS 


To assist in the interpretation of the results of physical tests, limit- 
ing values for the more important types of road construction are 
given in Table 3. Comparing the results of tests on a sample of 
rock with the limits shown in the table gives a general idea of the 
types of road construction for which the material is best suited. It 
must be emphasized, however, that these limiting values represent 
average conditions only. ‘or any given material, a number of fac- 
tors such as type of rock, character and volume of traffic, and the 
character of available material will influence the interpretation of 
the results of tests. 


TABLE 3.—General limiting test values 


Per cent | Tough- 

of wear, | ness, not 

not more less 
than— than— 


Type of construction 


peter aoumd eh asercounse es ee cee ee eek ete Se) 
Bituminous concrete base 
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Granite, gneiss, schist, sandstone, and quartzite should not, in 
general, be used in the wearing course of water-bound macadam 
because of their lack of binding properties. Shale and slate should 
never be used in this construction. 

Values shown in Table 3 correspond to values given in the tenta- 
tive standard specifications of the American Association of State 
Highway Officials. 

Table 4 shows the geographical distribution of the samples reported 
in this bulletin. 
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TABLE 4.—Geographical distribution of samples tested 


State 


1 None. 
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